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Spouses represent the closest and most significant endur-
ing relationship for most adults (Doherty & Feeney, 
2004). The spousal bond is characterized by functional 
interdependence and a state of physiological coregula-
tion (Proulx et al., 2007; Robles et al., 2014; Uchino et al., 
1996). The coregulatory processes once maintained by 
the attachment relationship are disrupted when a spouse 
dies (Sbarra & Hazan, 2008). Numerous conceptual mod-
els and a growing number of empirical studies under-
score the premise that grief temporarily dysregulates 
multiple bodily systems, promoting a state of “biological 
dysregulation”—a term we adopt from the seminal work 
by Hofer (1984) and Sbarra and Hazan (2008). This state 
of biological dysregulation alters the stress-response 
system, which should theoretically amplify a bereaved 

spouse’s physiological stress response (Kiecolt-Glaser 
et al., 2020). Maladaptive immune alterations are one 
marker of biological dysregulation.

Bereavement is reliably associated with maladaptive 
immune alterations, such as elevated basal proinflam-
matory immune signaling. Proinflammatory cytokines, 
specifically, are signaling molecules released from 
immune cells and are responsible for both local and 
systemic inflammation. Stress and depression boost lev-
els of proinflammatory cytokines (e.g., to acute stress; 
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Abstract
The death of a spouse is associated with maladaptive immune alterations; grief severity may exacerbate this link. We 
investigated whether high grief symptoms were associated with an amplified inflammatory response to subsequent 
stress among 111 recently bereaved older adults. Participants completed a standardized psychological stressor and 
underwent a blood draw before, 45 min after, and 2 hr after the stressor. Those experiencing high grief symptoms (i.e., 
scoring > 25 on the Inventory of Complicated Grief) experienced a 45% increase in interleukin-6 (IL-6; a proinflammatory 
cytokine) per hour, whereas those experiencing low grief symptoms demonstrated a 26% increase. In other words, 
high grief was related to a 19% increase in IL-6 per hour relative to low grief. The grief levels of recently bereaved 
people were associated with the rate of change in IL-6 following a subsequent stressor, above and beyond depressive 
symptoms. This is the first study to demonstrate that high grief symptoms promote inflammation following acute stress.
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Fagundes et al., 2013). In the bereavement literature, 
proinflammatory cytokines and inflammatory indices 
have received considerable attention because (a) an 
overactive inflammatory network contributes to many 
diseases of older adulthood (Rea et al., 2018) and (b) 
bereavement is more common in older adulthood. Spe-
cifically, interleukin-6 (IL-6) is a primary target for clini-
cal interventions (Hunter & Jones, 2015). Across three 
separate studies, basal levels of circulating IL-6 cyto-
kines were higher among bereaved spouses than 
matched comparison subjects; IL-6 was reliably higher 
in all three studies (Cankaya et al., 2009; Cohen et al., 
2015; Schultze-Florey et al., 2012). These data match 
related findings showing that IL-6 is the cytokine that 
most reliably increases when people are exposed to 
stress (Marsland et al., 2017; Steptoe et al., 2007).

Chronic negative emotions, such as stress and 
depression, promote biological dysregulation, which in 
turn sensitizes (i.e., primes) the inflammatory stress 
response (Fagundes et al., 2013; Kiecolt-Glaser et al., 
2020; Sbarra & Hazan, 2008). Experimental work in 
humans has shown that chronic negative emotions 
prime the inflammatory stress response, boosting reac-
tivity to experimentally manipulated laboratory stress-
ors. For example, among healthy adults, those with 
more depressive symptoms produced a greater IL-6 
response to an experimental stressor than those who 
reported fewer depressive symptoms (Fagundes et al., 
2013). Similarly, among both healthy adults and post-
treatment breast cancer survivors, those who were lone-
lier experienced a greater synthesis of IL-6 by peripheral 
blood mononuclear cells when stimulated with lipo-
polysaccharide (a bacterial endotoxin) in response to 
an acute stressor ( Jaremka et al., 2013).

There are multiple studies showing that, compared 
with those who are not bereaved, people who have lost 
a spouse exhibit elevated markers of pro inflammatory 
cytokines (Cohen et al., 2015) and produce more pro-
inflammatory cytokines when leucocytes are stimulated 
by lipopolysaccharide (Fagundes et al., 2018). Among 
bereaved spouses, those experiencing more severe grief 
symptoms also produced more proinflammatory cyto-
kines by peripheral blood leukocytes when stimulated 
with lipopolysaccharide (Fagundes et al., 2018). A sub-
group of people (~10%) experience intense and persis-
tent grief (Prigerson et al., 2009), which may sensitize 
the immune system to respond more aggressively to 
future acute stress (similar effects have been found in 
previous studies of depression; Fagundes et al., 2013; 
Pace et al., 2006),

During bereavement, symptoms characteristic of 
either grief or depression (or both) are common 
(Bonanno et al., 2002; Zisook & Shear, 2009). Depression 
and grief have distinct and overlapping symptoms, 
which are both characterized by a state of biological 

dysregulation. For example, negative affect is present in 
both experiences; however, grieving bereaved spouses 
do not generally report low self-esteem and worthless-
ness, which are essential aspects of depression (Friedman, 
2012). Additionally, unlike depression, grief is character-
ized by intense separation distress (LeRoy et al., 2019; 
Shear et al., 2005, 2011).

In the current study, we investigated whether grief 
amplifies recently bereaved spouses’ acute inflamma-
tory response to an experimental laboratory stressor, 
independently of depressive symptoms. We hypothe-
sized that bereaved spouses who experienced high grief 
symptoms (operationalized using a standard cut score) 
would exhibit a more exaggerated increase in IL-6 fol-
lowing an acute stressor than bereaved spouses who 
experienced low grief symptoms. On the basis of estab-
lished literature showing that depressive symptoms 
sensitize the inflammatory stress response to acute 
stressors, we were interested in whether grief would 
sensitize the inflammatory stress response after account-
ing for depressive symptoms.

Method

Participants

A power analysis indicated that a minimum of 89 total 
participants was necessary to achieve 80% power to 

Statement of Relevance

It is now well established that when one spouse 
dies, the surviving spouse is at increased risk of 
dying in the following year; this is colloquially 
known as the “widowhood effect.” Because nega-
tive emotions profoundly affect people’s physiol-
ogy, the stress and intense grief that sometimes 
accompany the loss of a spouse may contribute 
to the widowhood-effect phenomenon. One hun-
dred eleven recently widowed older adults 
engaged in a 15-min standardized laboratory task 
that elicits psychological stress. Blood was taken 
before the stressor and twice over the next 2 hr 
to evaluate a critical immune marker associated 
with aging and disease (i.e., the proinflammatory 
cytokine interleukin-6 [IL-6]). We sought to deter-
mine whether grief-symptom severity impacted 
the IL-6 response that typically occurs in people 
after they experience a brief stressor. We found 
that levels of IL-6 increased 19% more among 
bereaved spouses who reported higher levels of 
grief than among those who reported lower levels 
of grief.
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detect a small- to medium-sized effect (selected on the 
basis of a previous study using the same experimental 
method; Pace et al., 2006) when employing the tradi-
tional .05 criterion of statistical significance and account-
ing for all covariates included in the adjusted model. 
Approximately 4 months after the death of their spouse 
(M = 138 days; SD = 17 days), 111 participants completed 
this study, which was conducted between February 2016 
and August 2018. The current study was part of a larger 
longitudinal observational study investigating the bio-
logical mechanisms underlying greater risk of cardio-
vascular disease risk during bereavement.

For the parent study, we contacted and recruited 
people who recently experienced the death of their 
spouse from obituaries, support groups, flyer distribu-
tion, online postings, and community events. All recruit-
ment strategies were approved by the local institutional 
review board. Exclusion criteria included having sig-
nificant visual or auditory impairment, being pregnant 
or nursing, having autoimmune and inflammatory dis-
eases, having experienced bereavement because of loss 
of another loved one in the last year, and getting 
divorced within the past year. We recruited only English 
speakers to ensure understanding of the questionnaires. 
On the basis of research establishing that it takes 3 years 
for individuals to show a partner preference for attach-
ment-related functions (i.e., proximity seeking, safe 
haven, secure base; Fagundes & Schindler, 2012), we 
excluded people who had not been married for at least 
3 years before the death of their spouse.

Procedure

The day before the visit, a research assistant called 
participants and reminded them of the next day’s visit. 
Because inflammatory markers may be elevated during 
acute illnesses (e.g., upper respiratory infections), we 
rescheduled participants if they reported any illness 
symptoms (e.g., fever, congestion, sore throat, or acute 
infections due to injury). We also asked participants to 
avoid any strenuous physical activity 48 hr before all 
visits.

Research assistants administered anthropometric 
measurements, including weight, height, and waist cir-
cumference, during the early hours of the morning  
of the visit. After a relaxation period, a nurse inserted 
a catheter to draw a baseline nonfasting blood sample. 
Baseline samples of IL-6 were collected between  
8:45 a.m. and 11:30 a.m. to control for diurnal variation. 
Variability in this time was due to the check-in time for 
each participant.

Following the baseline blood draw, participants com-
pleted the Trier Social Stress Test (TSST), an extremely 
well-validated laboratory social stressor that reliably 

enhances proinflammatory cytokine production 
(Fagundes et al., 2013; Jaremka et al., 2013; Kirschbaum 
et al., 1993). In this well-established stressor, partici-
pants were told to prepare a speech for a job interview 
and that they would deliver this speech to two commit-
tee members trained in behavioral observation. Partici-
pants prepared a 5-min speech about why they would 
be best for the job. They then gave this speech to a 
committee composed of research assistants who did 
not give the participant any positive feedback. If a 
participant stopped talking during the speech, the com-
mittee remained silent for 20 s. If they did not begin 
speaking, the chair prompted the participant to con-
tinue speaking by instructing them, “You still have 
time.” Following this speech, participants completed a 
5-min mental-arithmetic task in which they counted 
backward to 0 in 17-number steps, starting at 2023. 
When a participant made an error, the committee mem-
bers corrected their mistake and asked them to start 
back at the beginning. Participants completed these 
tasks under the guise that they were being audio and 
video recorded and observed by the committee. The 
committee remained neutral and gave no positive feed-
back in order to maximize the social-evaluative threat 
present during the experience. After the TSST, partici-
pants relaxed by watching a benign Ken Burns docu-
mentary (e.g., about national parks) for the next 2 hr 
to standardize their experience. Blood draws also 
occurred at 45 min and 2 hr following the TSST. After 
the final blood draws, we debriefed participants before 
they completed questionnaires.

Measures

Grief symptoms. The Inventory of Complicated Grief 
(ICG) was used to assess the degree to which partici-
pants experienced grief symptoms. They answered 19 
items on a frequency scale ranging from 0 (never) to 4 
(always; Prigerson et al., 1995). The ICG measures 19 dif-
ferent grief-related symptoms (e.g., preoccupation with 
thoughts of the deceased, disbelief at or not accepting 
the death); example items include, “I feel dazed or 
stunned over what happened” and “I hear the voice of 
the person who died speak to me.” Internal consistency 
of the 19-item ICG was high in the current sample (α = 
.92). People with ICG scores of 25 or more, an estab-
lished clinically relevant cut score, are considered to 
have a high degree of grief severity (Prigerson et  al., 
1995), which has previously been found to be associated 
with worse general, mental, and physical health, social 
functioning, and bodily pain, as well as depression 
(Prigerson et  al., 1995). We utilized the cut point as a 
case-categorical variable and our primary grief-level 
index on the basis of previous work showing that this 
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cutoff differentiated basal levels of proinflammatory cyto-
kine production (Fagundes et al., 2019). For the remain-
der of the article, we refer to participants who scored 
above this grief cutoff as the high-grief group and partici-
pants who scored below this cutoff as the low-grief group. 
We also examined grief symptoms as continuous (i.e., 
ICG total score) as a secondary index.

Interleukin-6. Whole blood was drawn into a serum 
separator tube. Serum tubes were then centrifuged for 10 
min at 3,000 × g at 4 °C. Serum aliquots were stored at 
−80 °C until assayed in duplicate levels for IL-6 cytokine 
using high-sensitivity enzyme-linked immunosorbent 
assays (Quantikine, R&D Systems, Minneapolis, MN) with 
sensitivity of detection at 0.16 pg/ml.

Depressive symptoms. The Center for Epidemiologic 
Studies Depression Scale (CES-D) assessed the preva-
lence of depressive symptoms (Radloff, 1977). The CES-D 
is a widely utilized measure of depression; higher scores 
on this scale indicate greater depressive symptomatology. 
The cut score for a clinically significant level of depres-
sive symptoms is 16 (Radloff, 1977). Depressive symp-
toms were included in regression models as a control 
variable to investigate the potential unique influence of 
depressive symptoms on inflammation above and beyond 
grief symptoms in this bereaved sample because of the 
close association between depression and inflammation. 
Grief and depression are distinct constructs (Milic et al., 
2017). Importantly, none of the items in the CES-D are 
identical to those in the ICG. There is only one conceptu-
ally similar question—“I feel lonely” (CES-D) and “I feel 
lonely a great deal of time ever since s/he died” (ICG)—
but ICG items explicitly reference the deceased. We show 
what these individual models look like when depression 
is entered into the model as a continuous variable for our 
primary analyses (see Tables S1 and S2 in the Supple-
mental Material for results including the cut score for 
clinically significant depressive symptoms). The CES-D 
demonstrated excellent reliability in the current sample 
(α = .92).

Physical activity. We assessed physical activity at this 
visit using the International Physical Activity Questionnaire 
(IPAQ; Craig et  al., 2003). The IPAQ contains items that 
measure the frequency and duration of vigorous-intensity 
activities, moderate-intensity activities, and walking during 
a 7-day period. We scored the IPAQ using the recom-
mended scoring procedure (IPAQ, 2005). The respective 
frequency and duration values for vigorous activities, 
moderate activities, and walking were first multiplied 
together. The resulting volumes (minutes per week) of vig-
orous activities, moderate activities, and walking were 
then multiplied by their respective metabolic equivalents 

(METs). Finally, the resulting individual MET values were 
summed to form a continuous measure of physical activity 
in units of total MET minutes per week. We included this 
continuous measure of physical activity as a covariate in 
all adjusted analyses on the basis of recommendations to 
assess physical fitness using reliable surrogates (O’Connor 
et al., 2009), such as frequency of intense exercise, which 
is associated with IL-6 among older adults (Reuben et al., 
2003).

Comorbid conditions. The Charlson Comorbidity Index 
was used to assess comorbid conditions. This is the most 
widely used measure to calculate a comorbidity index for 
predicting mortality (D’Hoore et al., 1993). The measure 
assigns weights to 19 physical-health-comorbid conditions 
on the basis of their potential influence on 1-year mortal-
ity. This was used as a covariate in all adjusted analyses, 
as is common in the field of psychoneuroimmunology 
(Fagundes et al., 2014).

Other covariates. Demographic factors (i.e., age, gen-
der, education, days since death of spouse) and body 
mass index (BMI) were also included as covariates in all 
adjusted models on the basis of their previous associa-
tions with IL-6 and general recommendations for assess-
ing circulating inflammatory markers (O’Connor et  al., 
2009). We also included the days since the death of each 
participant’s spouse as a covariate in these analyses to 
control for the variability in grief that each participant 
may have been experiencing depending on the time 
since the death of their spouse. Each of these covariates 
was assessed at this visit time point except the time-
invariant education variable, which was assessed before-
hand. BMI was computed as kg/m2. Education was 
assessed using an ordinal scale, starting at 0 if the partici-
pant completed graduate or professional training. This 
scale ranges from 0 (graduate/professional training) to 5 
(less than 7 years of schooling). Total family income was 
assessed using an ordinal scale starting at 0 if the family 
did not have any income in the prior year. This scale 
ranged from 0 to 8 (1 = between $5,000 and $11,999,  
8 = $100,000 or greater). Finally, we also included the 
amount of time between the baseline blood draw and the 
TSST as a covariate in all adjusted analyses to control for 
differences in time between the baseline blood draw and 
the TSST.

Analytic method

Preliminary statistical analysis included assessment of 
normality of distributions and examination for skew-
ness and kurtosis. IL-6 values were skewed, as is nor-
mally expected for inflammatory markers (Shields et al., 
2016). A natural log transformation was applied to IL-6 
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to better approximate a normal distribution and to sat-
isfy the normality-of-residuals assumption, which was 
assessed graphically via quantile-quantile (Q-Q) plot. 
Because time was entered into each model in minutes, 
we multiplied each unstandardized coefficient by 60 
to represent the increase in log IL-6 per hour to 
enhance interpretability. Because the outcome was log-
transformed, regression coefficients for simple-slopes 
analyses were exponentiated to provide an index of 
the percentage change in the raw units of the outcome. 
For example, a b of 0.50 would reflect a change in the 
log outcome for a 1-unit increase in the predictor. A 
more readily interpretable value would be provided via 
exponentiation, exp(0.50) = 1.65, corresponding to a 
65% increase in the raw units of the outcome (note that 
values below 1.0 would correspond to a decrease).

We addressed missingness on the outcome variable 
(i.e., inflammation) via maximum likelihood estimation. 
Missingness across the set of predictor variables (~2% 
of values) was handled via random-forest imputation 
in the R package caret (Version 6.0.86; Kuhn, 2008). In 
ancillary analyses, we present the findings without 
imputation as a sensitivity analysis for each of our 
hypotheses. We examined the residuals following each 
analysis to ensure they did not appear to deviate mean-
ingfully from a normal distribution. Generalized linear 
mixed modeling, a multilevel regression analytic tech-
nique, was used to fit the outcome variable IL-6 (log-
transformed) as a function of the interaction between 
time (minutes) and grief severity (high vs. low), control-
ling for constituent main effects, with a random inter-
cept for person and a random slope for time. Person 
was the upper level and time was the lower level in all 
multilevel analyses. This model was fitted first in unad-
justed fashion with no covariates and then fitted as an 
adjusted model with a set of fixed covariates (age, 
gender, years of education, body mass index, comor-
bidities, physical activity, days since spouse’s passing, 
and minutes since blood was drawn before the TSST).

Prior to testing the model, we used a model-comparison 
approach to determine the functional form of the rela-
tionship with respect to linearity and random effects 
(i.e., testing whether the slope between time and 
inflammation varied randomly, with variation based on 
the individual). The −2 log likelihood was used as an 
index to determine whether the model with the random 
intercept for each individual fitted the data better than 
the model without the random intercept. To assess the 
relative quality between the models with and without 
random slopes, we examined (a) the Akaike informa-
tion criterion (AIC; Akaike, 1973) and (b) the signifi-
cance test associated with the −2 log likelihoods 
between the models with and without random slopes. 
We chose the model on the basis of a significance test 

between these models and after identifying the lowest 
AIC value, which indicates the best, most parsimonious 
fit with the least information lost relative to other mod-
els (Bozdogan, 1987; Vrieze, 2012). Last, we examined 
the relationship between time (modeled continuously 
in minutes) and serum IL-6 to determine whether there 
was a linear relationship between the two variables. We 
employed an unstructured within-subjects covariance 
matrix for all repeated measures.

All analyses were conducted in the R statistical com-
puting environment (R Core Team, 2019). We used the 
package nlme (Version 3.1.152; Pinheiro et al., 2020) 
to perform multilevel analyses, ggplot2 (Version 3.3.2; 
Wickham, 2016) and ggeffects (Version 1.0.1; Lüdecke, 
2018) for visualization, and pacman (Version 0.5.0; 
Rinker & Kurkiewicz, 2017), apaTables (Version 2.0.8; 
Stanley, 2018), and sjPlot (Version 2.8.7; Lüdecke, 2021) 
to generate tables.

Results

Descriptive statistics and correlations between key vari-
ables can be found in Table 1. The mean age of the 
sample was 68.05 years (SD = 9.25), and ages ranged 
from 35 to 84 years old. Additionally, the sample was 
65% women. Our sample consisted of 88% White par-
ticipants, 6% Black participants, 3% Asian participants, 
and 3% participants who described their race as “other.” 
Approximately 10% of the sample reported being His-
panic or Latino. Time since spouse’s death ranged from 
100 to 226 days.

In this sample, 38 participants were classified as high 
grief and 73 participants were classified as low grief, 
on the basis of the established clinical cut score from 
the ICG. The participants in these subgroups had simi-
lar characteristics in terms of gender, BMI, income, 
education, physical activity, days since spouse’s pass-
ing, and minutes since blood was drawn before the 
TSST; however, participants in the low-grief group were 
slightly older (p = .003) and had more comorbid condi-
tions than those in the high-grief group (p = .050; see 
Table 2). Seventy-two percent of the variance in serum 
IL-6 could be explained by the person. The best-fitting 
model allowed the intercepts to vary by person (p < 
.001). When we assessed whether the slope between 
time and inflammation should randomly vary, we found 
that the best-fitting model allowed the slope between 
time and inflammation to randomly vary rather than be 
fixed, χ2(2, N = 111) = 46.91, p < .001. Thus, we report 
models with randomly varying slopes here. Last, we 
identified a positive linear relationship between time 
(modeled continuously in minutes) and serum IL-6, 
t(109.7) = 8.66, p < .001. Thus, a linear effect of time 
was included in each model here.
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Grief symptoms and IL-6 following  
the TSST

First, we evaluated the association between IL-6 and 
grief symptoms (i.e., ICG cut score) over time (across 
baseline, 45 min after the stressor, and 2 hr after the 
stressor) using a case-categorical approach (high or low 
grief) to determine whether these groups changed dif-
ferently over the 2 hr after the stressor. There were no 
baseline differences in serum IL-6 before the TSST 
based on people’s reported grief symptoms (categorical 
or continuous measures of grief symptoms; both ps > 
.62). We report each result unadjusted and adjusted for 
relevant covariates: time, age, gender, years of educa-
tion, BMI, comorbidities, physical activity, days since 
spouse’s passing, and minutes since blood was drawn 
before the TSST.

We found a significant interaction of grief-symptom 
group (high vs. low) and time (unadjusted: b = 0.14, p = 
.038; adjusted: b = 0.14, p = .035; see Table 3), control-
ling for fixed effects of the covariates. Specifically, par-
ticipants in the high-grief group had a steeper rise in 
log IL-6 relative to those in the low-grief group. Exami-
nation of simple slopes indicated that participants in 
the high-grief group demonstrated a 46% increase in 
IL-6 per hour, exp(b) = 1.46, p < .001, whereas those 
in the low-grief group demonstrated a 26% increase, 
exp(b) = 1.26, p < .001. In other words, high grief was 
related to a 20% greater increase in IL-6 per hour than 

low grief. Modeling grief instead as a continuous vari-
able did not yield the same level of support for the 
interaction (unadjusted: b = 0.00, p = .087; adjusted: b = 
0.00, p = .083; see Table 4).

Because we were interested in whether grief symp-
toms predicted the rise in IL-6 above and beyond the 
influence of depression, we reran each of the above 
models with the same covariates and examined whether 
there was a difference in the results after including 
depressive symptoms (continuous) in the model. Results 
were unchanged: We found that the significant interac-
tion of grief-symptom group (high vs. low) and time 
persisted (b = 0.14, p = .035; see Table 3), again con-
trolling for fixed effects of the covariates. Specifically, 
participants in the high-grief group had a steeper rise 
in log IL-6 relative to those in the low-grief group. 
Simple-slopes follow-up tests confirmed that even after 
analyses adjusted for depressive symptoms, participants 
in the high-grief group demonstrated a 45% increase in 
IL-6 per hour, exp(b) = 1.45, p < .001, whereas those 
in the low-grief group demonstrated a 26% increase, 
exp(b) = 1.26, p < .001 (see Fig. 1). This similarly 
reflected that high grief was related to a 19% greater 
increase in IL-6 per hour than low grief. Again, model-
ing grief instead as a continuous variable did not yield 
the same level of support for the interaction (b = 0.00, 
p = .083). The strength of the estimate of the interaction 
(between grief-symptom group and time) and the level 
of significance was identical across adjusted models 

Table 2. Descriptive Statistics for Demographic and Health Information Based on  
Grief-Symptom Severity

Characteristic
High-grief group

(n = 38)
Low-grief group

(n = 73) p

Total physical activitya M = 2,796.14 (2,495.13) M = 2,670.20 (3,168.87) .714
Age (years) M = 66.29 (9.94) M = 69.04 (9.04) .003
Gender (female) 63% (0.49) 67% (0.47) .355
Educationb M = 0.63 (1.13) M = 0.78 (1.10) .277
Body mass index M = 27.06 (4.79) M = 27.64 (5.42) .349
Days since spousal passing M = 137.47 (22.06) M = 138.56 (14.10) .957
Total family incomec M = 6.42 (1.90) M = 6.71 (1.56) .115
Minutes before TSST M = 24.94 (3.45) M = 24.71 (5.14) .589
Charlson Comorbidity Index M = 0.18 (0.46) M = 0.42 (1.27) .050

Note: Standard deviations are given in parentheses. p values for tests that revealed significant differences 
between conditions are given in boldface. TSST = Trier Social Stress Test.
aTotal weekly physical activity was estimated by weighting the intensity of time spent in each activity 
with its estimated metabolic equivalent (MET) energy expenditure. Walking, moderate-intensity activity, 
and vigorous-intensity activity were assigned 3.3 METs, 4.0 METs, and 8.0 METs, respectively, and used to 
calculate a total MET-minutes-per-week score to measure physical activity. bEducation was assessed using 
an ordinal scale ranging from 0 (indicating graduate or professional training) to 5 (indicating less than 7 
years of schooling). cTotal family income was assessed using an ordinal scale starting at 0 if the family 
did not have any income in the prior year. This scale ranges from 0 to 8 (1 = total family income between 
$5,000 and $11,999; 8 = income of $100,000 or greater).
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with and without (continuous) depressive symptoms 
(see Tables 3 and 4; see Tables S1 and S2 in the Supple-
mental Material for results including the cut score for 
clinically significant depressive symptoms).

Sensitivity analysis

In an ancillary analysis, we examined whether there 
was a difference in the models when we did not impute 
missing data in our predictor variables. Overall, the 
findings remained consistent when we employed list-
wise deletion instead of random-forest imputation to 
account for missing data. Thus, the following analyses 
are based on the 101 participants who had no missing 
predictor data.

We found that the significant interaction of grief-
symptom group (high vs. low) and time persisted (b = 
0.17, ps = .017–.018; see Table 5), again controlling for 
fixed effects of the covariates, including depressive 
symptoms. Specifically, participants in the high-grief 
group had a steeper rise in log IL-6 relative to those in 
the low-grief group. Simple-slopes follow-up tests con-
firmed that even after analyses adjusted for depressive 
symptoms, participants in the high-grief group demon-
strated a 49% increase in IL-6 per hour, exp(b) = 1.49, 

p < .001, whereas those in the low-grief group demon-
strated a 25% increase, exp(b) = 1.25, p < .001. Here, 
high grief was related to a 24% greater increase in IL-6 
per hour than low grief.

In these listwise-deletion models, we found that the 
interaction between grief (modeled as a continuous 
rather than categorical variable) and time was statistically 
significant (b = 0.01, ps = .042–.044; see Table 6) after 
controlling for each covariate, including depressive symp-
toms. Specifically, participants who reported higher grief 
symptoms had a steeper rise in log IL-6 relative to those 
who reported lower grief symptoms. Follow-up tests of 
simple slopes within different quartile ranges (< Q1, 
Q1 – Q3, > Q3) followed the same pattern of results found 
using the categorical measure of grief symptoms. Specifi-
cally, participants who reported more grief symptoms 
experienced a steeper increase in IL-6 per hour: < Q1: 
exp(b) = 1.18, p = .022; Q1 – Q3: exp(b) = 1.35, p < 
.001; > Q3: exp(b) = 1.43, p < .001, respectively.

Discussion

When exposed to an acute experimental stressor, 
bereaved spouses who reported high grief symptoms 
produced an inflammatory response (indexed by  

Table 3. Results of the Regression Analysis of the Interaction of Grief Symptoms (Categorical) and Time in Unadjusted, 
Adjusted Without Depressive Symptoms, and Adjusted With Depressive Symptoms (Continuous) Models Using Imputation 
for Missing Data

Predictor

Interleukin-6 (unadjusted)a
Interleukin-6 (adjusted without 

depressive symptoms)b
Interleukin-6 (adjusted with 

depressive symptoms)c

b 95% CI p b 95% CI p b 95% CI p

Intercept 0.66 [0.47, 0.85] < .001 −1.32 [−3.37, 0.74] .208 −1.25 [−3.39, 0.89] .254
Grief (categorical) ×  
 Time

0.14 [0.01, 0.27] .038 0.14 [0.01, 0.27] .035 0.14 [0.01, 0.27] .035

Grief (categorical) −0.02 [−0.35, 0.31] .899 0.07 [−0.23, 0.38] .635 0.10 [−0.29, 0.49] .610
Time 0.23 [0.15, 0.31] < .001 0.23 [0.15, 0.30] < .001 0.23 [0.15, 0.30] < .001
Age 0.02 [0.00, 0.03] .029 0.02 [0.00, 0.03] .046
Gender 0.11 [−0.19, 0.41] .456 0.12 [−0.18, 0.43] .439
Education 0.02 [0.00, 0.03] .047 0.01 [−0.00, 0.03] .051
Body mass index 0.04 [0.01, 0.07] .004 0.04 [0.01, 0.07] .004
Comorbidities 0.07 [−0.07, 0.20] .334 0.07 [−0.07, 0.20] .332
Days since spouse’s  
 passing

0.01 [−0.00, 0.01] .129 0.01 [−0.00, 0.01] .139

Minutes before TSST −0.05 [−0.08, −0.02] .001 −0.05 [−0.08, −0.02] .001
Physical activity −0.00 [−0.00, 0.00] .590 −0.00 [−0.00, 0.00] .593
Depressive symptoms  
 (continuous)

−0.00 [−0.02, 0.02] .821

Note: p values for tests that revealed significant differences between conditions are given in boldface. CI = confidence interval; TSST = Trier Social 
Stress Test.
aFor interleukin-6 (unadjusted), random effects are σ2 = 0.08, τ00 = 0.67, τ11 = 0.07, ρ01 = −0.31, intraclass correlation coefficient (ICC) = .90, N = 111 
participants, N = 325 observations, marginal R2 = .067, conditional R2 = .904. bFor interleukin-6 (adjusted without depressive symptoms), random 
effects are σ2 = 0.08, τ00 = 0.54, τ11 = 0.07, ρ01 = −0.25, ICC = .88, N = 111 participants, N = 325 observations, marginal R2 = .238, conditional R2 = 
.907. cFor interleukin-6 (adjusted with depressive symptoms), random effects are σ2 = 0.08, τ00 = 0.55, τ11 = 0.07, ρ01 = −0.25, ICC = .88, N = 111 
participants, N = 325 observations, marginal R2 = .236, conditional R2 = .908.
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the cytokine IL-6) that was 19% larger than the 
response in those who reported low grief symptoms. 

Grief was associated with the rise in serum IL-6 over 
and above the influence of depressive symptoms.

Table 4. Results of the Regression Analysis of the Interaction of Grief Symptoms (Continuous) and Time in Unadjusted, 
Adjusted Without Depressive Symptoms, and Adjusted With Depressive Symptoms (Continuous) Models Using 
Imputation for Missing Data

Predictor

Interleukin-6 (unadjusted)a
Interleukin-6 (adjusted without 

depressive symptoms)b
Interleukin-6 (adjusted with 

depressive symptoms)c

b 95% CI p b 95% CI p b 95% CI p

Intercept 0.61 [0.30, 0.91] < .001 −1.55 [−3.68, 0.59] .156 −1.47 [−3.63, 0.68] .180
Grief (continuous) ×  
 Time

0.00 [−0.00, 0.01] .087 0.00 [−0.00, 0.01] .083 0.00 [−0.00, 0.01] .083

Grief (continuous) 0.00 [−0.01, 0.02] .734 0.00 [−0.01, 0.02] .450 0.01 [−0.01, 0.03] .348
Time 0.19 [0.07, 0.31] .003 0.18 [0.06, 0.31] .003 0.18 [0.06, 0.31] .003
Age 0.02 [0.00, 0.03] .023 0.02 [0.00, 0.03] .038
Gender 0.12 [−0.18, 0.43] .418 0.15 [−0.16, 0.45] .356
Education 0.02 [0.00, 0.03] .046 0.01 [−0.00, 0.03] .054
Body mass index 0.04 [0.01, 0.07] .004 0.04 [0.01, 0.07] .004
Comorbidities 0.06 [−0.07, 0.19] .351 0.06 [−0.07, 0.20] .350
Days since spouse’s  
 passing

0.01 [−0.00, 0.01] .113 0.01 [−0.00, 0.01] .126

Minutes before TSST −0.05 [−0.08, −0.02] .001 −0.05 [−0.08, −0.02] .002
Physical activity −0.00 [−0.00, 0.00] .613 −0.00 [−0.00, 0.00] .630
Depressive symptoms  
 (continuous)

−0.01 [−0.03, 0.02] .564

Note: p values for tests that revealed significant differences between conditions are given in boldface. CI = confidence interval; TSST = Trier 
Social Stress Test.
aFor interleukin-6 (unadjusted), random effects are σ2 = 0.08, τ00 = 0.67, τ11 = 0.07, ρ01 = −0.32, intraclass correlation coefficient (ICC) = .90, N = 
111 participants, N = 325 observations, marginal R2 = .067, conditional R2 = .904. bFor interleukin-6 (adjusted without depressive symptoms), 
random effects are σ2 = 0.08, τ00 = 0.54, τ11 = 0.07, ρ01 = −0.25, ICC = .88, N = 111 participants, N = 325 observations, marginal R2 = .238, 
conditional R2 = .907. cFor interleukin-6 (adjusted with depressive symptoms), random effects are σ2 = 0.08, τ00 = 0.54, τ11 = 0.07, ρ01 = −0.25, 
ICC = .88, N = 111 participants, N = 325 observations, marginal R2 = .238, conditional R2 = .907.
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Fig. 1. Estimates of the effect of high and low grief symptoms on inflammation following the Trier Social Stress Test (TSST), separately 
for models (a) using only time as a predictor and (b) including all covariates. Shaded regions represent 95% confidence intervals. Esti-
mates were based on standard errors generated by the predict() function in R (R Core Team, 2019). Simple slopes for each group are also 
presented. Because the outcome was log-transformed, regression coefficients were exponentiated to provide an index of the percentage 
of change in the raw units of the outcome.
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The current study findings, that grief symptoms 
were associated with IL-6 over and above depressive 
symptoms, add evidence to recent neuroscience devel-
opments suggesting that a unique neurobiological 
profile may exist for individuals experiencing extreme 
grief (Kakarala et al., 2020). In particular, the breaking 
of an attachment bond (i.e., the death of one’s spouse; 
Stroebe et al., 2005) may partially explain the impor-
tance of grief symptoms over and above depressive 
symptoms after the death of a spouse. In adulthood, 
spouses play a critical role in maintaining physiologi-
cal homeostasis (i.e., “coregulation”; Sbarra & Hazan, 
2008, p. 143). Thus, a spouse’s death disrupts homeo-
static maintenance, leading to a dysregulation of mul-
tiple biological and physiological systems (for a 
review, see LeRoy et  al., 2019). Recently bereaved 
spouses who experience more grief symptoms may 
exhibit subsequently higher proinflammatory cyto-
kines (e.g., IL-6).

Bereaved spouses are also at heightened risk of car-
diovascular disease (Shor et al., 2012). Thus, it is sig-
nificant that grief symptoms were associated with a rise 
in inflammation, because inflammation is an important 
mediator and causal factor in developing coronary heart 

disease (Sarwar et  al., 2012; Swerdlow et  al., 2012). 
Broadly, an overactive inflammatory network promotes 
many diseases of older adulthood (e.g., Type 2 diabe-
tes, Alzheimer’s disease, osteoporosis, rheumatoid 
arthritis, periodontal disease, some cancers, and car-
diovascular disease; Ershler & Keller, 2000; Rea et al., 
2018). Because IL-6 is a central immunological mecha-
nism involved in the onset and progression of many 
age-related diseases (Hunter & Jones, 2015), these find-
ings may help explain the “widowhood effect,” which 
refers to the increased risk for premature mortality 
among widowers (Moon et al., 2014).

The bereaved spouses in our sample, on average, 
reported considerable levels of grief and depressive 
symptoms. Specifically, our participants reported higher 
levels of depressive symptoms compared with past esti-
mates of depression among nonbereaved community-
dwelling older adults (Lewinsohn et al., 1997). Whereas 
the average depression score among nonbereaved 
community-dwelling older adults is approximately 8 
points below the established cut score of 16 on the 
CES-D (Lewinsohn et al., 1997; Radloff, 1977), the aver-
age depression score for bereaved spouses in the cur-
rent sample was only 2 points below the cut score of 

Table 5. Results of the Regression Analysis of the Interaction of Grief Symptoms (Categorical) and Time in Unadjusted, 
Adjusted Without Depressive Symptoms, and Adjusted With Depressive Symptoms (Continuous) Models Using Listwise 
Deletion for Missing Data (N = 101)

Predictor

Interleukin-6 (unadjusted)a
Interleukin-6 (adjusted without 

depressive symptoms)b
Interleukin-6 (adjusted with 

depressive symptoms)c

b 95% CI p b 95% CI p b 95% CI p

Intercept 0.66 [0.47, 0.85] < .001 −2.67 [−4.64, −0.71] .008 −2.69 [−4.75, −0.63] .011
Grief (categorical) ×  
 Time

0.14 [0.01, 0.27] .038 0.17 [0.03, 0.30] .017 0.17 [0.03, 0.30] .018

Grief (categorical) −0.02 [−0.35, 0.31] .899 0.03 [−0.29, 0.35] .839 0.03 [−0.40, 0.45] .903
Time 0.23 [0.15, 0.31] < .001 0.23 [0.15, 0.31] < .001 0.23 [0.15, 0.31] < .001
Age 0.02 [0.00, 0.03] .030 0.02 [0.00, 0.04] .036
Gender 0.12 [−0.20, 0.44] .453 0.12 [−0.20, 0.45] .454
Education 0.05 [−0.09, 0.20] .458 0.05 [−0.09, 0.20] .469
Body mass index 0.04 [0.01, 0.07] .017 0.04 [0.01, 0.07] .019
Comorbidities 0.12 [−0.07, 0.31] .223 0.12 [−0.08, 0.31] .231
Days since spouse’s  
 passing

0.01 [−0.00, 0.02] .106 0.01 [−0.00, 0.02] .113

Minutes before TSST −0.05 [−0.09, −0.02] .001 −0.05 [−0.09, −0.02] .001
Physical activity −0.00 [−0.00, 0.00] .713 −0.00 [−0.00, 0.00] .708
Depressive symptoms  
 (continuous)

0.00 [−0.02, 0.02] .942

Note: p values for tests that revealed significant differences between conditions are given in boldface. CI = confidence interval; TSST = Trier Social 
Stress Test.
aFor interleukin-6 (unadjusted), random effects are σ2 = 0.08, τ00 = 0.67, τ11 = 0.07, ρ01 = −0.31, intraclass correlation coefficient (ICC) = .90, N = 111 
participants, N = 325 observations, marginal R2 = .067, conditional R2 = .904. bFor interleukin-6 (adjusted without depressive symptoms), random 
effects are σ2 = 0.08, τ00 = 0.55, τ11 = 0.07, ρ01 = −0.22, ICC = .88, N = 102 participants, N = 298 observations, marginal R2 = .248, conditional R2 = 
.908. cFor interleukin-6 (adjusted with depressive symptoms), random effects are σ2 = 0.08, τ00 = 0.56, τ11 = 0.07, ρ01 = −0.22, ICC = .88, N = 101 
participants, N = 297 observations, marginal R2 = .245, conditional R2 = .909.
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16 (Radloff, 1977). Participants’ average grief score was 
just below the cut score for complicated grief; however, 
given that these participants’ spouses had passed away 
only 4 months previously, the present scores should 
not be interpreted as diagnostic for complicated grief 
(Prigerson et al., 1995).

We do not know what participants’ levels of depres-
sive symptoms were before the death of their spouse, 
which is a limitation of the study. It will be important 
to determine whether people’s inflammatory responses 
to acute stress during bereavement differ on the basis 
of their history of depression or their prebereavement 
levels of depressive symptoms. Similarly, an important 
next step will involve designing studies specifically to 
disentangle the relationships between grief, depression, 
and IL-6, because the overlapping variance between 
grief and depression complicates our understanding of 
grief as an independent driver of these effects. We did 
not collect data on neuroendocrine markers (e.g., cor-
tisol), but this would be a valuable addition to studies 
in the future. Future studies would also benefit from 
probing the spouse’s cause of death (i.e., whether it 
was expected or unexpected) to determine whether  
the anticipation (or lack of warning) may affect the 

relationship between grief symptoms and stress-induced 
inflammation. Our study was also limited by the rela-
tively high socioeconomic status and predominantly 
female composition of our sample. However, women 
are more likely to be widows than men are to be wid-
owers (U.S. Census Bureau, 2019). Another limitation 
of the study is that the sample was predominantly White 
and non-Hispanic. Future research should aim to assess 
the generalizability of these findings and examine these 
relationships in samples more representative of the 
United States as a whole. Additionally, future research 
should focus on loss dynamics among Black Americans 
specifically, because Black Americans are more than 
twice as likely to lose a spouse by age 60 compared 
with White Americans (Umberson et  al., 2017), and 
there is a paucity of bereavement research focusing on 
the loss of close relationships within Black families and 
communities (Umberson, 2017).

These limitations are balanced by several strengths, 
primarily having a well-defined sample at 4 months of 
bereavement and the use of a very well-established 
acute lab stressor, which will be important to inform 
future discussions around complicated grief. Finally, 
future work can expand on this study by administering 

Table 6. Results of the Regression Analysis of the Interaction of Grief Symptoms (Continuous) and Time in Unadjusted, 
Adjusted Without Depressive Symptoms, and Adjusted With Depressive Symptoms (Continuous) Models Using Listwise 
Deletion for Missing Data (N = 101)

Predictor

IL-6 (unadjusted)a
IL-6 (adjusted without  
depressive symptoms)b

IL-6 (adjusted with 
depressive symptoms)c

b 95% CI p b 95% CI p b 95% CI p

Intercept 0.61 [0.30, 0.91] < .001 −2.86 [−4.90, −0.82] .006 −2.82 [−4.89, −0.75] .008
Grief (continuous) ×  
 Time

0.00 [−0.00, 0.01] .087 0.01 [0.00, 0.01] .042 0.01 [0.00, 0.01] .044

Grief (continuous) 0.00 [−0.01, 0.02] .734 0.00 [−0.01, 0.02] .556 0.01 [−0.01, 0.03] .483
Time 0.19 [0.07, 0.31] .003 0.17 [0.04, 0.30] .010 0.17 [0.04, 0.30] .010
Age 0.02 [0.00, 0.04] .024 0.02 [0.00, 0.04] .030
Gender 0.14 [−0.18, 0.45] .405 0.16 [−0.17, 0.49] .348
Education 0.05 [−0.09, 0.20] .449 0.05 [−0.09, 0.19] .486
BMI 0.04 [0.01, 0.07] .017 0.04 [0.01, 0.07] .018
Comorbidities 0.12 [−0.07, 0.31] .225 0.12 [−0.08, 0.31] .240
Days since spouse’s  
 passing

0.01 [−0.00, 0.02] .093 0.01 [−0.00, 0.02] .109

Minutes before TSST −0.05 [−0.08, −0.02] .001 −0.05 [−0.08, −0.02] .002
Physical activity −0.00 [−0.00, 0.00] .729 −0.00 [−0.00, 0.00] .722
Depressive symptoms  
 (continuous)

−0.00 [−0.03, 0.02] .692

Note: p values for tests that revealed significant differences between conditions are given in boldface. CI = confidence interval; TSST = Trier Social 
Stress Test.
aFor interleukin-6 (unadjusted), random effects are σ2 = 0.08, τ00 = 0.67, τ11 = 0.07, ρ01 = −0.32, intraclass correlation coefficient (ICC) = .90, N = 111 
participants, N = 325 observations, marginal R2 = .067, conditional R2 = .904. bFor interleukin-6 (adjusted without depressive symptoms), random 
effects are σ2 = 0.08, τ00 = 0.55, τ11 = 0.07, ρ01 = −0.23, ICC = .88, N = 102 participants, N = 298 observations, marginal R2 = .248, conditional R2 = 
.908. cFor interleukin-6 (adjusted with depressive symptoms), random effects are σ2 = 0.08, τ00 = 0.56, τ11 = 0.07, ρ01 = −0.24, ICC = .88, N = 101 
participants, N = 297 observations, marginal R2 = .245, conditional R2 = .909.
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the TSST multiple times during spousal bereavement to 
assess whether changes in grief symptoms are also 
accompanied by changes in stress reactivity; this will 
be an important step in determining causality.

Recently bereaved spouses with high grief symptoms 
exhibited enhanced inflammation to an acute labora-
tory stressor compared with recently bereaved spouses 
with fewer grief symptoms. Accordingly, grief symptoms 
may enhance the stress-response system to promote 
excessive inflammation. These findings add to our 
emerging understanding of bereavement, grief, and 
immune dysregulation.

Transparency

Action Editor: Karen Rodrigue
Editor: Patricia J. Bauer
Author Contributions

C. P. Fagundes and C. Heijnen developed the parent study 
concept and study design; C. P. Fagundes oversaw all 
aspects of data collection and manuscript preparation.  
J. Liu performed immune assays for the parent study, 
which includes the data presented here. R. L. Brown began 
the investigation for this specific article and analyzed and 
interpreted the data under the supervision of C. P. 
Fagundes and R. Suchting. R. L. Brown and A. S. LeRoy 
drafted the manuscript, and M. A. Chen, L. M. Jaremka, 
and C. P. Fagundes provided critical revisions. All authors 
approved the final manuscript for submission.

Declaration of Conflicting Interests
The author(s) declared that there were no conflicts of 
interest with respect to the authorship or the publication 
of this article.

Funding
The research reported in this publication was supported 
by the National Heart, Lung, and Blood Institute of the 
National Institutes of Health (principal investigator: C. P. 
Fagundes, Grant No. 5R01HL127260-05; principal investi-
gator: A. S. LeRoy, Grant No. F32HL146064-02) and the 
National Institute on Aging (principal investigator: M. A. 
Chen, Grant No. 1F31AG069439-01).

Open Practices
Data and materials for this study have not been made 
publicly available, and the design and analysis plans were 
not preregistered.

ORCID iDs

Ryan L. Brown  https://orcid.org/0000-0003-2844-5928
Christopher P. Fagundes  https://orcid.org/0000-0003- 
3173-2215

Acknowledgments

We are extremely grateful to our participants, who gave their 
time and energy to this research so soon after the death of 
their spouses. This project was coordinated by Patricia 
Morales and Kristi English, with data management from Levi 
Saucedo. We would also like to acknowledge the unwavering 

support of David Brown and Rebecca Bass throughout this 
project.

Supplemental Material

Additional supporting information can be found at http://
journals.sagepub.com/doi/suppl/10.1177/09567976211059502

References

Akaike, H. (1973). Information theory and an extension of 
the maximum likelihood principle. In B. N. Petrov & 
B. F. Csaki (Eds.), Second International Symposium on 
Information Theory (pp. 267–281). Academiai Kiado.

Bonanno, G. A., Wortman, C. B., Lehman, D. R., Tweed, 
R. G., Haring, M., Sonnega, J., Carr, D., & Nesse, R. M. 
(2002). Resilience to loss and chronic grief: A prospec-
tive study from preloss to 18-months postloss. Journal 
of Personality and Social Psychology, 83(5), 1150–1164. 
https://doi.org/10.1037/0022-3514.83.5.1150

Bozdogan, H. (1987). Model selection and Akaike’s informa-
tion criterion (AIC): The general theory and its analytical 
extensions. Psychometrika, 52(3), 345–370. https://doi 
.org/10.1007/BF02294361

Cankaya, B., Chapman, B. P., Talbot, N. L., Moynihan, J., 
& Duberstein, P. R. (2009). History of sudden unex-
pected loss is associated with elevated interleukin-6 and 
decreased insulin-like growth factor-1 in women in an 
urban primary care setting. Psychosomatic Medicine, 71(9), 
914–919. https://doi.org/10.1097/PSY.0b013e3181be7aa8

Cohen, M., Granger, S., & Fuller-Thomson, E. (2015). The 
association between bereavement and biomarkers of 
inflammation. Behavioral Medicine, 41(2), 49–59. https://
doi.org/10.1080/08964289.2013.866539

Craig, C. L., Marshall, A. L., Sjöström, M., Bauman, A. E., 
Booth, M. L., Ainsworth, B. E., Pratt, M., Ekelund, U., 
Yngve, A., Sallis, J., & Oja, P. (2003). International physical 
activity questionnaire: 12-country reliability and validity. 
Medicine & Science in Sports & Exercise, 35(8), 1381–1395. 
https://doi.org/10.1249/01.MSS.0000078924.61453.FB

Cumming, G. (2014). The new statistics: Why and how. 
Psychological Science, 25(1), 7–29. https://doi.org/10.1177/ 
0956797613504966

D’Hoore, W., Sicotte, C., & Tilquin, C. (1993). Risk adjust-
ment in outcome assessment: The Charlson Comorbidity 
Index. Methods of Information in Medicine, 32(5), 382–
387. https://doi.org/10.1055/s-0038-1634956

Doherty, N. A., & Feeney, J. A. (2004). The composition of 
attachment networks throughout the adult years. Personal 
Relationships, 11(4), 469–488. https://doi.org/10.1111/
j.1475-6811.2004.00093.x

Ershler, W. B., & Keller, E. T. (2000). Age-associated increased 
interleukin-6 gene expression, late-life diseases, and 
frailty. Annual Review of Medicine, 51, 245–270. https://
doi.org/10.1146/annurev.med.51.1.245

Fagundes, C. P., Brown, R. L., Chen, M. A., Murdock, K. W., 
Saucedo, L., LeRoy, A., Wu, E. L., Garcini, L. M., Shahane, 
A. D., Baameur, F., & Heijnen, C. (2019). Grief, depressive 
symptoms, and inflammation in the spousally bereaved. 

https://orcid.org/0000-0003-2844-5928
https://orcid.org/0000-0003-3173-2215
https://orcid.org/0000-0003-3173-2215
http://journals.sagepub.com/doi/suppl/10.1177/09567976211059502
http://journals.sagepub.com/doi/suppl/10.1177/09567976211059502
https://doi.org/10.1037/0022-3514.83.5.1150
https://doi.org/10.1007/BF02294361
https://doi.org/10.1007/BF02294361
https://doi.org/10.1097/PSY.0b013e3181be7aa8
https://doi.org/10.1080/08964289.2013.866539
https://doi.org/10.1080/08964289.2013.866539
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://doi.org/10.1177/0956797613504966
https://doi.org/10.1177/0956797613504966
https://doi.org/10.1055/s-0038-1634956
https://doi.org/10.1111/j.1475-6811.2004.00093.x
https://doi.org/10.1111/j.1475-6811.2004.00093.x


Psychological Science 33(6) 871

Psychoneuroendocrinology, 100, 190–197. https://doi 
.org/10.1016/j.psyneuen.2018.10.006

Fagundes, C. P., Glaser, R., Hwang, B. S., Malarkey, W. B., 
& Kiecolt-Glaser, J. K. (2013). Depressive symptoms 
enhance stress-induced inflammatory responses. Brain, 
Behavior, and Immunity, 31, 172–176. https://doi.org/10 
.1016/j.bbi.2012.05.006

Fagundes, C. P., Jaremka, L. M., Glaser, R., Alfano, C. M., 
Povoski, S. P., Lipari, A. M., Agnese, D. M., Yee, L. D., 
Carson, W. E., III, Farrar, W. B., Malarkey, W. B., Chen, 
M., & Kiecolt-Glaser, J. K. (2014). Attachment anxiety is 
related to Epstein–Barr virus latency. Brain, Behavior, 
and Immunity, 41, 232–238. https://doi.org/10.1016/j 
.bbi.2014.04.002

Fagundes, C. P., Murdock, K. W., LeRoy, A., Baameur, F., 
Thayer, J. F., & Heijnen, C. (2018). Spousal bereavement 
is associated with more pronounced ex vivo cytokine pro-
duction and lower heart rate variability: Mechanisms under-
lying cardiovascular risk? Psychoneuroendocrinology, 93, 
65–71. https://doi.org/10.1016/j.psyneuen.2018.04.010

Fagundes, C. P., & Schindler, I. (2012). Making of romantic 
attachment bonds: Longitudinal trajectories and impli-
cations for relationship stability. Personal Relationships, 
19(4), 723–742. https://doi.org/10.1111/j.1475-6811.2011 
.01389.x

Friedman, R. A. (2012). Grief, depression, and the DSM-5. The 
New England Journal of Medicine, 366(20), 1855–1857. 
https://doi.org/10.1056/NEJMp1201794

International Physical Activity Questionnaire. (2005, 
November). Guidelines for data processing and analysis 
of the International Physical Activity Questionnaire—short 
and long forms. https://sites.google.com/site/theipaq/
scoring-protocol

Hofer, M. A. (1984). Relationships as regulators: A psycho-
biologic perspective on bereavement. Psychosomatic 
Medicine, 46(3), 183–197.

Hunter, C. A., & Jones, S. A. (2015). IL-6 as a keystone cyto-
kine in health and disease. Nature Immunology, 16(5), 
448–457. https://doi.org/10.1038/ni.3153

Jaremka, L. M., Fagundes, C. P., Peng, J., Bennett, J. M., 
Glaser, R., Malarkey, W. B., & Kiecolt-Glaser, J. K. (2013). 
Loneliness promotes inflammation during acute stress. 
Psychological Science, 24(7), 1089–1097. https://doi.org/10 
.1177/0956797612464059

Kakarala, S. E., Roberts, K. E., Rogers, M., Coats, T., Falzarano, 
F., Gang, J., Chilov, M., Avery, J., Maciejewski, P. K., 
Lichtenthal, W. G., & Prigerson, H. G. (2020). The neu-
robiological reward system in Prolonged Grief Disorder 
(PGD): A systematic review. Psychiatry Research: Neuro-
imaging, 303, Article 111135. https://doi.org/10.1016/j 
.pscychresns.2020.111135

Kiecolt-Glaser, J. K., Renna, M. E., Shrout, M. R., & Madison, 
A. A. (2020). Stress reactivity: What pushes us higher, 
faster, and longer—and why it matters. Current Directions 
in Psychological Science, 29(5), 492–498. https://doi 
.org/10.1177/0963721420949521

Kirschbaum, C., Pirke, K.-M., & Hellhammer, D. H. (1993). 
The ‘Trier Social Stress Test’ – a tool for investigat-
ing psychobiological stress responses in a laboratory  

setting. Neuropsychobiology, 28(1–2), 76–81. https://doi 
.org/10.1159/000119004

Kuhn, M. (2008). Building predictive models in R using the 
caret package. Journal of Statistical Software, 28(5). 
https://doi.org/10.18637/jss.v028.i05

LeRoy, A. S., Knee, C. R., Derrick, J. L., & Fagundes, C. P. 
(2019). Implications for reward processing in differential 
responses to loss: Impacts on attachment hierarchy reorga-
nization. Personality and Social Psychology Review, 23(4), 
391–405. https://doi.org/10.1177/1088868319853895

Lewinsohn, P. M., Seeley, J. R., Roberts, R. E., & Allen, N. B.  
(1997). Center for Epidemiologic Studies Depression 
Scale (CES-D) as a screening instrument for depression 
among community-residing older adults. Psychology and 
Aging, 12(2), 277–287. https://doi.org/10.1037/0882-
7974.12.2.277

Lüdecke, D. (2018). ggeffects: Tidy data frames of marginal 
effects from regression models. Journal of Open Source 
Software, 3(26), Article 772. https://doi.org/10.21105/
joss.00772

Lüdecke, D. (2021). sjPlot: Data visualization for statistics 
in social science (Version 2.8.7) [Computer software].  
https://cran.r-project.org/web/packages/sjPlot/index 
.html

Marsland, A. L., Walsh, C., Lockwood, K., & John-Henderson, 
N. A. (2017). The effects of acute psychological stress 
on circulating and stimulated inflammatory markers: A 
systematic review and meta-analysis. Brain, Behavior, 
and Immunity, 64, 208–219. https://doi.org/10.1016/j.bbi 
.2017.01.011

Milic, J., Muka, T., Ikram, M. A., Franco, O. H., & Tiemeier, H.  
(2017). Determinants and predictors of grief severity 
and persistence: The Rotterdam study. Journal of Aging 
and Health, 29(8), 1288–1307. https://doi.org/10.1177/ 
0898264317720715

Moon, J. R., Glymour, M. M., Vable, A. M., Liu, S. Y., & 
Subramanian, S. V. (2014). Short- and long-term associa-
tions between widowhood and mortality in the United 
States: Longitudinal analyses. Journal of Public Health, 
36(3), 382–389. https://doi.org/10.1093/pubmed/fdt101

O’Connor, M.-F., Bower, J. E., Cho, H. J., Creswell, J. D., 
Dimitrov, S., Hamby, M. E., Hoyt, M. A., Martin, J. L., 
Robles, T. F., Sloan, E. K., Thomas, K. S., & Irwin, M. R.  
(2009). To assess, to control, to exclude: Effects of bio-
behavioral factors on circulating inflammatory markers. 
Brain, Behavior, and Immunity, 23(7), 887–897. https://
doi.org/10.1016/j.bbi.2009.04.005

Pace, T. W. W., Mletzko, T. C., Alagbe, O., Musselman, D. L., 
 Nemeroff, C. B., Miller, A. H., & Heim, C. M. (2006). 
Increased stress-induced inflammatory responses in male 
patients with major depression and increased early life 
stress. American Journal of Psychiatry, 163(9), 1630–1633. 
https://doi.org/10.1176/ajp.2006.163.9.1630

Pinheiro, J., Bates, D., DebRoy, S., Sakar, D., & R Core Team. 
(2020). nlme: Linear and nonlinear mixed effects models 
(R Package Version 3.1-145) [Computer software]. https://
CRAN.R-project.org/package=nlme

Prigerson, H. G., Horowitz, M. J., Jacobs, S. C., Parkes, C. M.,  
Aslan, M., Goodkin, K., Raphael, B., Marwit, S. J., 

https://doi.org/10.1016/j.psyneuen.2018.10.006
https://doi.org/10.1016/j.psyneuen.2018.10.006
https://doi.org/10.1016/j.bbi.2012.05.006
https://doi.org/10.1016/j.bbi.2012.05.006
https://doi.org/10.1016/j.bbi.2014.04.002
https://doi.org/10.1016/j.bbi.2014.04.002
https://doi.org/10.1016/j.psyneuen.2018.04.010
https://doi.org/10.1111/j.1475-6811.2011.01389.x
https://doi.org/10.1111/j.1475-6811.2011.01389.x
https://doi.org/10.1056/NEJMp1201794
https://sites.google.com/site/theipaq/scoring-protocol
https://sites.google.com/site/theipaq/scoring-protocol
https://doi.org/10.1038/ni.3153
https://doi.org/10.1177/0956797612464059
https://doi.org/10.1177/0956797612464059
https://doi.org/10.1016/j.pscychresns.2020.111135
https://doi.org/10.1016/j.pscychresns.2020.111135
https://doi.org/10.1177/0963721420949521
https://doi.org/10.1177/0963721420949521
https://doi.org/10.1159/000119004
https://doi.org/10.1159/000119004
https://doi.org/10.18637/jss.v028.i05
https://doi.org/10.1177/1088868319853895
https://doi.org/10.1037/0882-7974.12.2.277
https://doi.org/10.1037/0882-7974.12.2.277
https://doi.org/10.21105/joss.00772
https://doi.org/10.21105/joss.00772
https://cran.r-project.org/web/packages/sjPlot/index.html
https://cran.r-project.org/web/packages/sjPlot/index.html
https://doi.org/10.1016/j.bbi.2017.01.011
https://doi.org/10.1016/j.bbi.2017.01.011
https://doi.org/10.1177/0898264317720715
https://doi.org/10.1177/0898264317720715
https://doi.org/10.1093/pubmed/fdt101
https://doi.org/10.1016/j.bbi.2009.04.005
https://doi.org/10.1016/j.bbi.2009.04.005
https://doi.org/10.1176/ajp.2006.163.9.1630
https://CRAN.R-project.org/package=nlme
https://CRAN.R-project.org/package=nlme


872 Brown et al.

Wortman, C., Neimeyer, R. A., Bonanno, G., Block, S. D.,  
Kissane, D., Boelen, P., Maercker, A., Litz, B. T., Johnson, 
J. G., First, M. B., & Maciejewski, P. K. (2009). Prolonged 
grief disorder: Psychometric validation of criteria pro-
posed for DSM-V and ICD-11. PLOS Medicine, 6(8), 
Article e1000121. https://doi.org/10.1371/journal.pmed 
.1000121

Prigerson, H. G., Maciejewski, P. K., Reynolds, C. F., Bierhals, 
A. J., Newsom, J. T., Fasiczka, A., Frank, E., Doman, J., & 
Miller, M. (1995). Inventory of Complicated Grief: A scale 
to measure maladaptive symptoms of loss. Psychiatry 
Research, 59(1), 65–79. https://doi.org/10.1016/0165-
1781(95)02757-2

Proulx, C. M., Helms, H. M., & Buehler, C. (2007). Marital 
quality and personal well-being: A meta-analysis. Journal 
of Marriage and Family, 69(3), 576–593. https://doi 
.org/10.1111/j.1741-3737.2007.00393.x

R Core Team. (2019). R: A language and environment for 
statistical computing [Computer software]. R Foundation 
for Statistical Computing.

Radloff, L. S. (1977). The CES-D scale: A self-report depres-
sion scale for research in the general population. Applied 
Psychological Measurement, 1(3), 385–401. https://doi 
.org/10.1177/014662167700100306

Rea, I. M., Gibson, D. S., McGilligan, V., McNerlan, S. E., 
Alexander, H. D., & Ross, O. A. (2018). Age and age-
related diseases: Role of inflammation triggers and cyto-
kines. Frontiers in Immunology, 9, Article 586. https://
doi.org/10.3389/fimmu.2018.00586

Reuben, D. B., Judd-Hamilton, L., Harris, T. B., & Seeman, T. E.  
(2003). The associations between physical activity and 
inflammatory markers in high-functioning older persons: 
MacArthur Studies of Successful Aging. Journal of the 
American Geriatrics Society, 51(8), 1125–1130. https://
doi.org/10.1046/j.1532-5415.2003.51380.x

Rinker, T. W., & Kurkiewicz, D. (2017). pacman: Package 
management for R. GitHub. https://github.com/trinker/
pacman

Robles, T. F., Slatcher, R. B., Trombello, J. M., & McGinn, 
M. M. (2014). Marital quality and health: A meta-analytic 
review. Psychological Bulletin, 140(1), 140–187. https://
doi.org/10.1037/a0031859

Sarwar, N., Butterworth, A. S., Freitag, D. F., Gregson, J., Willeit, 
P., Gorman, D. N., Gao, P., Saleheen, D., Rendon, A.,  
Nelson, C. P., Braund, P. S., Hall, A. S., Chasman, D. I., 
Tybjærg-Hansen, A., Chambers, J. C., Benjamin, E. J., 
Franks, P. W., Clarke, R., Wilde, A. A. M., . . . Danesh, J. 
(2012). Interleukin-6 receptor pathways in coronary heart 
disease: A collaborative meta-analysis of 82 studies. The 
Lancet, 379(9822), 1205–1213. https://doi.org/10.1016/
S0140-6736(11)61931-4

Sbarra, D. A., & Hazan, C. (2008). Coregulation, dysregula-
tion, self-regulation: An integrative analysis and empirical 
agenda for understanding adult attachment, separation, 
loss, and recovery. Personality and Social Psychology 
Review, 12(2), 141–167. https://doi.org/10.1177/10888 
68308315702

Schultze-Florey, C. R., Martínez-Maza, O., Magpantay, L., 
Breen, E. C., Irwin, M. R., Gündel, H., & O’Connor, M. F. 

(2012). When grief makes you sick: Bereavement induced 
systemic inflammation is a question of genotype. Brain, 
Behavior, and Immunity, 26(7), 1066–1071. https://doi 
.org/10.1016/j.bbi.2012.06.009

Shear, K., Frank, E., Houck, P. R., & Reynolds, C. F. (2005). 
Treatment of complicated grief: A randomized controlled 
trial. JAMA, 293(21), 2601–2608. https://doi.org/10.1001/
jama.293.21.2601

Shear, M. K., Simon, N., Wall, M., Zisook, S., Neimeyer, R., Duan, N.,  
Reynolds, C., Lebowitz, B., Sung, S., Ghesquiere, A.,  
Gorscak, B., Clayton, P., Ito, M., Nakajima, S., Konishi, T.,  
Melhem, N., Meert, K., Schiff, M., O’Connor, M.-F., . . .  
Keshaviah, A. (2011). Complicated grief and related 
bereavement issues for DSM-5. Depression and Anxiety, 
28(2), 103–117. https://doi.org/10.1002/da.20780

Shields, G. S., Kuchenbecker, S. Y., Pressman, S. D., Sumida, 
K. D., & Slavich, G. M. (2016). Better cognitive con-
trol of emotional information is associated with reduced 
pro-inflammatory cytokine reactivity to emotional stress. 
Stress, 19(1), 63–68. https://doi.org/10.3109/10253890.2
015.1121983

Shor, E., Roelfs, D. J., Curreli, M., Clemow, L., Burg, M. M., 
& Schwartz, J. E. (2012). Widowhood and mortality: A 
meta-analysis and meta-regression. Demography, 49(2), 
575–606. https://doi.org/10.1007/s13524-012-0096-x

Stanley, D. (2018). apaTables: Create American Psychological 
Association (APA) style tables (R Package Version 2.0.5) 
[Computer software]. https://CRAN.R-project.org/
package=apaTables

Steptoe, A., Hamer, M., & Chida, Y. (2007). The effects of 
acute psychological stress on circulating inflammatory 
factors in humans: A review and meta-analysis. Brain, 
Behavior, and Immunity, 21(7), 901–912. https://doi.org/ 
10.1016/j.bbi.2007.03.011

Stroebe, M., Schut, H., & Stroebe, W. (2005). Attachment 
in coping with bereavement: A theoretical integration. 
Review of General Psychology, 9(1), 48–66. https://doi 
.org/10.1037/1089-2680.9.1.48

Swerdlow, D. I., Holmes, M. V., Kuchenbaecker, K. B., 
Engmann, J. E. L., Shah, T., Sofat, R., Guo, Y., Chung, C.,  
Peasey, A., Pfister, R., Mooijaart, S. P., Ireland, H. A., 
Leusink, M., Langenberg, C., Li, K. W., Palmen, J., 
Howard, P., Cooper, J. A., Drenos, F., . . . Casas, J. P. 
(2012). The interleukin-6 receptor as a target for preven-
tion of coronary heart disease: A Mendelian randomisa-
tion analysis. The Lancet, 379(9822), 1214–1224. https://
doi.org/10.1016/S0140-6736(12)60110-X

Uchino, B. N., Cacioppo, J. T., & Kiecolt-Glaser, J. K. (1996). 
The relationship between social support and physiologi-
cal processes: A review with emphasis on underlying 
mechanisms and implications for health. Psychological 
Bulletin, 119(3), 488–531. https://doi.org/10.1037/0033-
2909.119.3.488

Umberson, D. (2017). Black deaths matter: Race, relation-
ship loss, and effects on survivors. Journal of Health 
and Social Behavior, 58(4), 405–420. https://doi.org/ 
10.1177/0022146517739317

Umberson, D., Olson, J. S., Crosnoe, R., Liu, H., Pudrovska, T.,  
& Donnelly, R. (2017). Death of family members as 

https://doi.org/10.1371/journal.pmed.1000121
https://doi.org/10.1371/journal.pmed.1000121
https://doi.org/10.1016/0165-1781(95)02757-2
https://doi.org/10.1016/0165-1781(95)02757-2
https://doi.org/10.1111/j.1741-3737.2007.00393.x
https://doi.org/10.1111/j.1741-3737.2007.00393.x
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1177/014662167700100306
https://doi.org/10.3389/fimmu.2018.00586
https://doi.org/10.3389/fimmu.2018.00586
https://doi.org/10.1046/j.1532-5415.2003.51380.x
https://doi.org/10.1046/j.1532-5415.2003.51380.x
https://github.com/trinker/pacman
https://github.com/trinker/pacman
https://doi.org/10.1037/a0031859
https://doi.org/10.1037/a0031859
https://doi.org/10.1016/S0140-6736(11)61931-4
https://doi.org/10.1016/S0140-6736(11)61931-4
https://doi.org/10.1177/1088868308315702
https://doi.org/10.1177/1088868308315702
https://doi.org/10.1016/j.bbi.2012.06.009
https://doi.org/10.1016/j.bbi.2012.06.009
https://doi.org/10.1001/jama.293.21.2601
https://doi.org/10.1001/jama.293.21.2601
https://doi.org/10.1002/da.20780
https://doi.org/10.3109/10253890.2015.1121983
https://doi.org/10.3109/10253890.2015.1121983
https://doi.org/10.1007/s13524-012-0096-x
https://CRAN.R-project.org/package=apaTables
https://CRAN.R-project.org/package=apaTables
https://doi.org/10.1016/j.bbi.2007.03.011
https://doi.org/10.1016/j.bbi.2007.03.011
https://doi.org/10.1037/1089-2680.9.1.48
https://doi.org/10.1037/1089-2680.9.1.48
https://doi.org/10.1016/S0140-6736(12)60110-X
https://doi.org/10.1016/S0140-6736(12)60110-X
https://doi.org/10.1037/0033-2909.119.3.488
https://doi.org/10.1037/0033-2909.119.3.488
https://doi.org/10.1177/0022146517739317
https://doi.org/10.1177/0022146517739317


Psychological Science 33(6) 873

an overlooked source of racial disadvantage in the 
United States. Proceedings of the National Academy of 
Sciences, USA, 114(5), 915–920. https://doi.org/10.1073/
pnas.1605599114

U.S. Census Bureau. (2019). Marital status, 2018 American 
Community Survey 1-year estimates. https://data.cen 
sus.gov/cedsci/table?q=S12&d=ACS%201-Year%20
Estimates%20Subject%20Tables&tid=ACSST1Y2018 
.S1201&hidePreview=false

Vrieze, S. I. (2012). Model selection and psychological the-
ory: A discussion of the differences between the Akaike 
information criterion (AIC) and the Bayesian information 
criterion (BIC). Psychological Methods, 17(2), 228–243. 
https://doi.org/10.1037/a0027127

Wickham, H. (2016). ggplot2: Elegant graphics for data analy-
sis (2nd ed.). Springer.

Zisook, S., & Shear, K. (2009). Grief and bereavement: What 
psychiatrists need to know. World Psychiatry, 8(2), 67–74.

https://doi.org/10.1073/pnas.1605599114
https://doi.org/10.1073/pnas.1605599114
https://data.census.gov/cedsci/table?q=S12&d=ACS%201-Year%20Estimates%20Subject%20Tables&tid=ACSST1Y2018.S1201&hidePreview=false
https://data.census.gov/cedsci/table?q=S12&d=ACS%201-Year%20Estimates%20Subject%20Tables&tid=ACSST1Y2018.S1201&hidePreview=false
https://data.census.gov/cedsci/table?q=S12&d=ACS%201-Year%20Estimates%20Subject%20Tables&tid=ACSST1Y2018.S1201&hidePreview=false
https://data.census.gov/cedsci/table?q=S12&d=ACS%201-Year%20Estimates%20Subject%20Tables&tid=ACSST1Y2018.S1201&hidePreview=false
https://doi.org/10.1037/a0027127

